Curcumin is a naturally occurring phytotherapeutic that has broad uses including the treatment of cancer and as a potent antimicrobial agent. Its dynamic ability to treat very different kinds of disease has spawned a significant increase in inquiry on how curcumin accomplishes these feats. Thousands of peer reviewed papers were published in the past few years regarding the various functions of curcumin. Unlike most pharmaceuticals, curcumin has a multi-range of different targets that it interacts with. Since curcumin's bioavailabilty is limited, methods of increasing curcumin's bioavailabilty are discussed. Mechanisms of action regarding curcumin's ability to effect cancer are discussed including upstream and downstream mechanisms starting with epigenetics to its effect on signal transduction pathways and apoptosis. Curcumin also works adjuvantly with chemotherapy to reduce resistance and enhance the mechanism of certain chemotherapeutic agents. Curcumin's antibacterial, antifungal, and antiviral capability is also discussed with regard to curcumin's dynamic ability to treat infections. Curcumin use in cancer adjunctive care and its anti-infectious capabilities make it a unique phytotherapeutic agent with promise.
Cancer
The cause of cancer is genetics. Genetic mutations in oncogenes and tumor suppressor genes are monitored to better understand what is happening in any particular cancer. Although treating the gene itself is essentially off the table, there are ways to treat the outcome of these mutations via influencing epigenetics or influencing the enzymes, proteins, and their respective metabolites. Curcumin is rather unique that it can influence a variety of mechanisms associated with cancer including epigenetic causes as well as more traditional targets of cancer.
Epigenetics and Cancer
The three major interconnected methods of regulating gene expression in eukaryotes via epigenetics include DNA methylation, histone modifications, and miRNA expression [3] - [5] . These methods, as related to cancer, involve the up regulation or activation of proto-oncogenes or genes associated with tumor progression. In cancer, epigenetics also influences tumor suppressor gene expression by silencing them. This is often caused by hypermethylation of the tumor suppressor genes promoter region [6] - [8] . Histone modifications may involve acetylation, ADP-ribosylation, ubiquitination, and sumoylation in either the N-or C-terminal tail domains [9] [10] . Such histone modifications influence the structure and function of the chromatin in a way that also influences gene transcription, DNA repair, and DNA replication [11] [12] . Activation of genes through histone modification is primarily associated with the extent the chromatin is acetylated where acetylated chromatin is considered open while deacetylated chromatin is considered closed. Like methylation of DNA, acetylation of histones is reversible. miRNA are a significant regulator of genes by posttranscriptional control of gene expression by complementarily binding to mRNA in a manner the blocks the mRNAs translation respectively and therefore can influence the translation of tumor suppressor genes. If mutated, miRNA has the potential to act as novel form of oncogenic or tumor suppressor genes [13] - [15] .
As mentioned above, DNA methylation, particularly in the promoter region of a gene, can cause genes to be silenced. This is particularly problematic if the gene is a tumor suppressor gene. Hypermethylation is associated with oxidative stress within cells. However, DNA methylation of tumor suppressor genes by random action can also lead to gene silencing. In any event, since the process of methylation is reversible by active or passive DNA demethylation, epigenetics is dynamic with an opportunity to reverse epigenetic causes of cancer.
There are few experiments that have shown that curcumin has an effect on the epigenetics of cancer methylation markers. CpG methylation of the promoter region of Neurog1within LNCaP cell lines was shown to be reversed in the presence of 5 μM of curcumin. Research suggests that the DNA methyltransferase (DNMT) was inhibited by curcumin in this case [16] . In MV4-11 leukimia cell lines, global hypomethylation was observed. Such observations supports analysis related to curcumin covalently blocking DNMT1 in a concentration of 30 nM after a period of treatment for 72 h [17] . Other experimentations involving SiHa ovarian cancer cells administered with 50 μM of curcumin further validates this observation the M SssI, an analog of DMTI, was inhibited when exposed to curcumin [18] . DNMT1 down regulation at the mRNA and protein level was also observed in melanoma cells [19] and in MCF-7 breast cancer cells [20] . Hypomethylation of miRNA promoter region miR-203 in cancer cells associated with bladder cancer in the presence of 10 μM of curcumin was observed is another way curcumin impacts the epigenetics of cancer cells [21] .
Histones describe the components of chromatin and are designated as H1, H2A, H2B, H3, and H4. These proteins are highly conserved with significant functions ranging from chromatin remodeling as it relates to transcription, replication, and repair. As mentioned earlier, histones are subject to post translational modifications in either their N or C terminal tail domains [22] [23] . Acetylation of chromatin by histone acetyl transferaces (HATs) are most associated with genes being open for transcription while deacetylation by histone deacetylases (HDACs) are most associated with a gene being closed.
Targeting and regulating histone modifying enzymes as a means to treat cancer are already available for cancer patients [24] . Curcumin has the capacity to induce acetylation of histone H3 and H4 at a concentration ranging from 10 -30 μM which suggests that curcumin has the potential to regulate genes related to cell survival and apoptosis [25] . Evidence of histone hypoacetylation by curcumin was observed to cause apoptotic cell death through PARP-and caspase-3-mediated manner in brain glioma cells [26] . Inhibition of p300 activity in the TREM-1 promoter directing H3 and H4 hypoacetylation was reported as an epigenetic shift associated with curcumin administration [27] . Curcumin can also significantly reduce HAT activity in addition to stopping nuclear transcription factor-κ mediated chromatin acetylation when curcumin is administered at 1.5 -12.5 μM for a period of 72 h [28] .
miRNAs are characterized by their noncoding 19 -25 nucleotide length which serves to post-transcriptionally regulate mRNA functioning. RNA induced silencing complex occur after mature miRNA assemble with the multi-protein effector. miRNA works by either causing transcriptional degradation or by blocking translation [13] [29] [30] . The gene loci of miRNA are frequently located by tumor suppressor genes and oncogenes as evidence of a link between oncogenesis and cancer progression to miRNA expression [31] . The detection and treatment of cancer via monitoring the expression of miRNA has future potential [32] [33] .
Cell death by apoptosis of leukemia and breast cancer cells by curcumin's influence on miRNA involves the up regulation miR-15a and miR16 which impacts antiapoptotic Bcl-2 by decreasing its expression in addition to down regulating WT1 expression which is associated with leukemogenesis [34] [35] . Cisplatin A549/DDP multidrug resistant cells' expression of 342 miRNAs was altered by curcumin in a manner that inhibits the oncomir miRNA-186* [36] [37] . Gemicitabine-resistant pancreatic cancer cell lines have down regulated miR-21 in the presence of 1 -4 μM of curcumin for 72 h [38] . Down-regulation of Notch-1-specific miRNAs including miR-21 and miR-34a after administration of 30 μM of curcumin for a period of 24 h induces cell death of esophageal cancer [39] . The role of epigenetics and curcumin is dynamic with different aspects of epigenetics influencing other epigenetic regulation of genes. An example would be curcumin activity with regard to the hypomethylation miR-203 promoter which induces the expression miR-203 which is a tumor suppressive miRNA [21] .
Cancer Stem Cells
The tumor stem cells hypothesis has gained momentum due to advances in cell biology. This hypothesis states that in the process of oncogenesis, cancer cells more likely resemble stem cells than the original tissue. This hypothesis more specifically states that cancer arises from normal tissue state and then to stem cell state by aberrant procedures associated with self-renewal [40] . Cancer stem cells have been delineated by their specific function including slow proliferating stem cells, terminally differentiated stem cells, and rapidly proliferating transit amplifying cells [41] . Resistance to chemotherapy drugs, tumor genesis, and tumor recurrence are driven by cancer stem cells.
Curcumin affects cancer stem cells in a few ways. The morphology of the cancer stem cells are influenced by curcumin in a manner that inhibits the characteristic sphere shape in several cancers including cancers that express the biomarkers CD133, CD44, CD166, and ALDH1 [42] - [47] . Drug resistant cancer cells can be sensitized by curcumin in a manner that aids in the cellular accumulation of chemotherapeutic agents [48] - [52] . More on the topic of chemosensitization properties will be discussed in greater detail later in the text. There is also potential that curcumin can influence variety of differentiated cancer stem cells rather than only targeting just one specific cell line. The inhibition of cellular growth by curcumin by affecting the whole cell population respectively leads to the inhibition of differentiated daughter cells as well as a decrease in stem-like cancer cells.
Kinds of Cancer
There are various types of cancers that can be treated with curcumin. The cancers listed and the microbes that can be treated by curcumin are not exhausted but still offers a sample of what curcumin can do. It is also impor-tant to recognize that many of the mechanisms of curcumin are similar across the various kinds of cancers and therefore the biomarkers of each cancer should be of focus rather than the kind of cancer itself.
Lung
Significant inhibition of proliferation of cancer cell lines A549 and H460 were observed in vitro after administration of curcumin. Curcumin elevates FOXO3a target gene expression in A549 cancer cells including Bim, p21, and p27 which in turn decreases the level of cyclin D1 in addition to increasing the level of activated caspase-3 which is involved in the suppression of proliferation [53] . Cell viability was also reduced as seen in results associated with the down regulation of expression eIF2α and eIF4E [54] . Down regulation of neutrophil elastase and the up regulation of α1-antitrypsin in mice treated with curcumin is significant in the inhibition of cancer cell growth [55] . Curcumin down regulates Cdc42 which is associated with cellular transformation, proliferation, survival, metastasis, and invasion in lung cancer [56] . Curcumin suppresses cell metastasis via a mechanism by blocking NF-κB, which is associated with cellular inflammation, and inhibiting HDACi [57] .
Breast
Breast cancer is the most common cancer among both pre and post-menopausal women. Curcumin has the effect of down regulating several genes associated with breast cancer including NF-κB, AP-1, Cox-1, VEGF, cyclin E, fibroblast growth factor (FGF), IL-6, IL-11, MMP-2, MMP-9, and MMP-13 and the up-regulation of P21 and P27 [58] [59] . Curcumin is also known to inhibit the reverse transcriptase activity of telomerase in addition to the induction of apoptosis of breast cancer cells by via p53-dependent Bax expression [59] . MDA-MB-231/Her2 cells administered with curcumin showed a decrease in cellular expression of Her2, cyclin E, CDK kinases and Skp2 [60] . Tumor cells pretreated with curcumin showed a reduction of inhibition of IL-2 [61] . The presence of curcumin also showed to arrest cells at the G1 phase in addition to increasing p27 which is associated with the reduction of cellular migration.
Colorectal
Colorectal cancer is the third leading cause of cancer death. Treatment with curcumin has a number of affects including chromosome condensation, cell shrinkage, and DNA fragmentation via a mechanism associated with promotion of DNA damage-inducible gene (DDIT3) at the mRNA and protein levels of various colon cancer cell lines. Curcumin has also shown to induce apoptosis in addition to inhibiting of proliferation of colon cancer cell lines via down regulation of c-Myc, increased activity of cell division control 2 (CDC2), blocking cell cycle progression with a mechanism associated with cyclin D and cyclin B expression, and capase-3-mediated β-catenin cleavage [62] . Curcumin is also known to arrest cell cycle and induce apoptosis by decreasing the expression of PGE 2 [63] . Inhibition of EGF receptor (EGFR), which inhibits the early growth response in the presence of curcumin, was observed in Caco-2 and HT-29 cell lines were observed [38] . Studies have also shown that an increase in p53 by curcumin is associated with improvement of overall health colorectal cancer patients [64] .
Prostate
The second leading cause of cancer related mortality among men is prostate cancer [3] . Inhibition of angiogenesis, proliferation, and a decrease in microvessel density in LNCap prostate cancer cells was observed when treated with curcumin [65] [66] . Down regulation of antiapoptotic genes including Bcl 2 and Bcl-xL in addition to up regulation procaspase-3 and procaspase-8 occurred in the same cell lines in the presence of curcumin [67] . Proliferation, colony formation, cellular aggregation, and cell motility in prostate cancer cells is decreased by curcumin via the activation of protein kinase D1 (PKD1) and subsequent inhibition of β-catenin transcription. Inhibition of β-catenin is related to the inhibition of cellular growth which means curcumin effects cellular growth downstream from PKD1 respectively [68] .
Ovarian
According to the CDC, ovarian cancer is the fifth leading cause of cancer deaths among women in America in 2014. In cancer cell lines SKOV3ip1, HeyA8, and HeyA8MDR treated with curcumin, inhibition of NF-κB and activation of STAT3 lead to suppressed proliferation. A decrease in angiogenesis and microvessel density in ad-dition to an increase in apoptosis was observed in vivo models involving SK0V3ip1 and HeyA8 cells treated with curcumin [69] . The reduction of expression of Bcl 2 and survivin, which are antiapoptotic proteins, in addition to the down regulation of Akt signaling and the activation of p38-MAPK was observed during treatment with curcumin [70] . p53-independent apoptosis by curcumin in ovarian carcinoma cells mechanism involved PARP cleavage, DNA fragmentation, nuclear condensation, and activation of procaspsase-3, -8, and -9 and its association with cytochrome c release.
Leukemia
The most common form and the most common cause of cancer related death among children between 0 -19 years old is Leukemia (CDC). The effects of curcumin in HL-60 cells involve inducing apoptosis from the upregulation of Bax and cytochrome C in addition to down regulating Bcl2 which is associated with activation of caspase-3 and caspase-6 plus degradation of PARP [71] . Curcumin also inhibits telomerase in HL-60 cells [71] . Apoptosis of CLL-B cells in the presence of curcumin occurred via a mechanism associated with the inhibition of STAT3, AKT, NF-κB, and X-linked inhibitor of apoptosis protein (XIAP) in addition to the upregulation BIM [59] [72] . Gene expression of Wilms' tumor 1 and multiple drug resistance 1 (MDR1) is also inhibited by curcumin [73] .
Multiple Myeloma
Multiple myeloma (MM) is the 14 th leading cause of cancer that disproportionately affects black men in particular. STAT3 nuclear translocation in MM cells is inhibited downstream by curcumin inhibiting IL-6 induced STAT3 phosphorylation [74] . Curcumin is known to induce PARP cleavage, activation of caspase-7 and caspase-9, in addition to arresting the cell cycle G1/S phase [75] . Suppression of Cox-2 and the down regulation of activation of NF-κB occurs when curcumin is administered to patients with MM [76] [77] . Curcumin has also been shown to decrease urinary N-telopeptide from type 1 collagen in more than 25% of MM patients treated during clinical trials [78].
Chemosensitizing
Significant amount of time and energy has gone into researching why chemotherapy in particular does not work on certain kinds of cancer. This is particularly true if a chemotherapy regiment has limited effect on reducing tumor size. Quite often these tumors are resistant to a whole host of drugs with different targets, structure, and functionality. These kinds of cancers are known as multidrug resistant (MDR).
There are two forms of MDR cancers; intrinsic and acquired. Intrinsic MDR occurs when the cancer is refractory to chemotherapy at the outset of treatment. Acquired occurs later in treatment after a course of chemotherapy appears to have worked before the cancer relapses to a point where previous working chemotherapy has very little or no effect on the cancers progression.
The mechanism for MDR can occur in two different ways. The first way involves the nullification of cancer drugs by impairing the delivery of anticancer drugs to tumor cells. This can occur when a cancer up regulates its drug efflux transporters in a manner that reduces the amount of chemotherapy in the tumor at any given time in addition to reducing the amount of chemotherapy diffused into the blood stream [79] . The second way is more intrinsic to the cancer cells progression. Cancer cells that mutate at a genetic level or change in expression patterns due to epigenetics are alterations that have the capacity to affect a cancer's drug sensitivity. Another mechanism involves blocking apoptotic pathways and increasing survival pathways in cancers insensitive to chemotherapies that promote cell death by apoptosis. Drug sensitivity and resistance are deeply related in at least one of these pathways [80] .
Phytochemicals have a place in the landscape of chemosensitization of chemotherapy to tumors. Curcumin, quercetin, xanthorrhizol, ginger, and genistein all have chemosensitizing properties with remarkably low toxicity [81] [82] . The safety of curcumin and other turmeric products are deemed safe by both the Food and Drug Administration (FDA) as well as the Food and Agriculture Organization (FAO) and World Health Organization (WHO) [83] . Curcumin in particular has been recognized as a candidate with antineoplastic activity among an array of various cancers [84] - [88] . In addition to exerting low toxicity to normal cells, curcumin is known to protect the immune system from immunosuppression associated with cancer [89] - [92] .
A major target with respect toward resolving issues with refractory cancer involves modulation, or more spe-cifically, the inhibition of ABC drug efflux pumps. ATP driven ABC drug efflux pumps play a significant role in MDR. There have been many candidates to reduce the activity of ABC drug efflux pumps with little or no avail including verapamil, tamoxifen, dexverapamil, valspodar, cyclosporine A, and biricodar [93] . Tumors with overexpression of ABC transporters ABCB1, ABCG2, and ABCC1 were reported to become sensitized to chemotherapy by curcumin [94] - [96] . Observations of curcumin blocking the efflux pump in cervical cancer cell lines with overexpression of ABCB1 was also documented using fluorescent substrates including calcein AM, Bodipy-FL vinblastine, and rhodamine 123 [94] - [97] . Curcumin also creates an environment that is advantageous to chemotherapy by directly quenching reactive oxygenated species (ROS) in addition to quenching hydroxyl radicals and superoxide radicals [98] . Glutothione S-transferase (GST) is reduced by curcumin in K-562 cells which is significant to sensitize cancerous cells to chemotherapy [99] . Cancer cells can become more susceptible to toxins by curcumin via inhibition of phase 1 enzyme systems which includes cytochrome P450 isoforms, cytochrome b5, and the P450 reductase in addition to epoxide hydrolase [100] .
Curcumin also has the potential to sensitize cancers to TRAIL-induced apoptosis by both intrinsic and extrinsic apoptotic pathways in ovarian cancer cells [101] in addition to congruent results in LNCaP prostate cancer cells [102] . Administration of curcumin LNCaP, DU145, and PC3 prostate cancer cell lines increased the sensitivity to TRAIL by inhibition of NF-κB by blocking the phosphorylation to IκBα [102] - [104] . TRAIL was also targeted by curcumin in U87 glioma cells [105] . TRAIL-resistant LNCaP xenografts cell death associated with the administration of curcumin also underwent apoptosis via TRAIL mediated cell death [106] . As mentioned before, inactivation of NF-κB by curcumin also has an effect on pro-inflammatory cytokines including IL-1, IL-2, IL-6, and IL-8 [107] .
Resistance to chemotherapy associated with aberrations in the p53 network is a common target for chemotherapies. Glioma cells can be sensitized to chemotherapies which include cisplatin, camptothecin, doxorubicin, and etoposide by curcumin via inhibition of the expression of BCL2 and IAP; which are associated with the p53 family [108] . A reduction of dosage of cisplatin in cisplatin-resistant ovarian cancer cells was also seen when the cells were pretreated for 6h with curcumin by down-regulating the BCL-XL. Pretreatment of curcumin also activated caspase-9 and caspase-3, increased the expression of BAX, and down regulated the expression of BCL and BCL-XL [109] . Breast cancer cells treated with curcumin also exhibited loss of mitochondrial transmembrane potential and initiation of the death cascade.
Anti-Inflammatory
Curcumin has the potential to interact with several molecular targets associated with inflammation. Cyclooxygenase-2 (Cox-2) and lipoxygenase down regulation and the induction of nitric oxide synthase (iNOS) are associated with the inhibition tumor necrosis factor-alpha (TNF-α), IL-1, -2, -6, -8, and -12), migration inhibitory protein, and monocyte chemoattractant protein (MCP) in addition to the down regulation of Janus and mitogen-activated kinase [110] [111] . Suppression of NF-κB is likely the cause of COX-2 and iNOS inhibition [112] . The down regulation of COX-2 and iNOS expression amy cause the inhibition of tumorgenesis and inflammation [112] [113] . Down regulation of lipoxygenase and cyclooxygenase pathways from curcumin in animal models are associated with the inhibition of aracadonic acid metabolism and inflammation [114] . The inhibition of cytokine expression by curcumin involves a mechanism associated with the regulation of transcription factor activation of NF-κB and activating protein-1 (AP-1).
The impact of inflammation and the promotion of tumors have been well documented [115] [116] . Curcumin's ability to reduce inflammation makes it a strong candidate for chemopreventative activity associated with tumor-genesis. Colorectal, gastric, pancreatic, breast, prostate, and oral cancers as well as leukemia carcinogenesis are inhibited by curcumin in various stages of carcinogenesis [117] . Protein kinase C inhibition which is associated with mediation of inflammation and tumor cell proliferation is another mechanism influenced by curcumin [118] . Inflammatory cytokines including TNF-α, IL-1β, and IL-6 are also inhibited and are associated with inhibition of cancer cell lines [119] .
Antioxidant
Extensive researches on the antioxidant capacity of curcumin have been done on rat and mice models. Increased lipid peroxidation in mice exposed to CCL 4 , paraquat, and cyclophosphamide had reduced levels of lipid perox-idation as compared to the control [120] . Serum and lipid peroxides were reduced by curcumin in rat models on a diet of unsaturated fats when given curcumin for 8 weeks [121] . In another model involving rats fed unsaturated fats, lipid peroxides were also reduced and antioxidant enzymes were enhanced [122] . Oxidative stress induced by alcohol was reduced in rats given curcumin daily [123] . A delayed development of cataract due to oxidative damage of the eye lens was observed in rats given curcumin and selenium [124] . A reduction in lipid peroxidation in both serum and liver of irradiated rats given curcumin orally was also observed [125] .
Antimicrobial
The antimicrobial effects of curcumin are well documented and have been utilized for centuries. The following sections describe the antibacterial, antiviral, and antifungal activities of curcumin by itself or in conjunction with other antimicrobials.
Antibacterial
Curcumin and various extracts of C. longa and more specifically turmeric have been studied with regard to their antibacterial properties. Of these various extracts, hexane and ethanol extract of turmeric (85% curcuminoid) was studied in 24 pathogenic bacteria and it was found that the extract had a minimum inhibitory concentration (MIC) value ranging from 3.91 to 125 ppt [126] . Focusing back on curcumin by itself, methicillin-resistant Staphylococcus aureus (MRSA) was shown to have been inhibited by curcumin with and MIC value of 125 -250 μg/ml [127] . Induction by filamentation by suppressing cytokines of B. subtilis was observed when treated with curcumin. The treatment of curcumin to B. subtilis showed a reduction of the bundling of FtsZ protofilaments and its associated dissociation constant [128] . The inhibition of FtsZ polymerization has the potential to suppress FtsZ assembly in both E. coli and B. subtilis in a manner that disrupts cellular division [129] . Although curcumin has antibacterial attributes in H. pylori, curcumin does eradicate H. pylori nearly as well as Omeprazole, Amoxicillin, and Metronidazole. However, when curcumin is taken with ampicillin against S. aureus there is a synergistic effect associated with the reduction of MIC. Synergistic effects with ampicillin, oxacillin, and norfloxacin were observed when administered against MRSA [127] .
Antiviral
There are several mechanisms associated with curcumin's capacity of inhibition of viruses in several strains with minimal toxicity to cells. HIV-1 LTR-directed gene expression was inhibited by curcumin without a significant effect on cell viability [130] . However, in clinical trials, curcumin was not able to reduce viral load in HIV patients. Anti-influenza activity was seen in PR8, H1N1, and H6N1 strains by reducing the viral yield in cell culture in the presence of 30 μM of curcumin. The EC 50 for the influenza virus was found to be 470 nM of curcumin [131] . Herpes simplex virus-1 (HSV-1) was also affected by curcumin exhibiting an IC 50 of 33.0 μg/ml by reducing HSV-1 replication [132] [133] . Curcumin inhibited the expression of human papilloma virus (HPV)-16 and HPV-18 oncogenes E6 and E7, making curcumin a strong candidate for managing HPV infections [134] [135] . Although further investigation is needed, Japanese encephalitis virus (JEV) ubiquitin-proteosome system was inhibited in Neuro2a cell lines by curcumin [136] .
Antifungal
Fungal related spoilage of food has been remedied for centuries using turmeric and curcumin. Research has confirmed the extensive traditional usage of turmeric powder to inhibit the growth of fungi and overall fungi contamination at concentrations of 0.8 and 1.0 g/L [137] . Although turmeric and turmeric extracts using various solvents show promise with regard to antifungal activity, the focus of this section will be more specifically on the effects of curcumin rather than various crude extracts.
The emergence of resistant strains of Candida species has brought with it significant challenges with regard to treatment with antifungal agents and thus created an emphasis on finding new antifungal treatments [138] . Curcumin was found to be a potent fungicide of over 14 strains of Candida species with MIC values ranging from 250 -2000 μg/ml [139] . A possible mechanism associated with cell death may involve inhibition of H + extrusion causing intercellular acidification [140] . In addition to that, inhibition of the development of hyphae by curcumin was observed with a mechanism associated with its effect on global suppressor thymidine uptake 1 (TUP1) [141] [142] . Inhibition of Cryptococcus neoformans and C. dubliniensis was observed with an MIC value of 32 mg/L of curcumin.
Reduction of MIC values due to synergistic effects of curcumin and common antifungal agents was observed in 21 clinical isolates of C. albincans. These drugs administered with curcumin included voriconazole, itraconazole, ketoconazole, miconazole, fluconazole, amphotericin B, and nystatin and showed a decrease in MIC values between 10 -35 times that of the traditional antifungal agents alone. Systemic fungal infections, like those associated with candidemia and candidosis, can be treated with existing fungicidal agents and curcumin to have a greater antifungal effect [143] .
Cyclodextrin
The bioavailability of curcumin is very low (1% bioavailability) with the vast majority of curcumin being excreted in feces. For this reason, there are abundant variations to increase its delivery. One of the most prominent methods of increased delivery is using cyclodextrin. Cyclodextrin are composed of sugar molecules bound together to form cyclic oligosaccharides [144] Small molecules like curcumin can form water soluble inclusion complexes [145] . The interior of cyclodextrin is hydrophobic and an exterior that is water soluble, creating a pocket for hydrophobic molecules like curcumin to enter, making curcumin respectively water soluble. These results were verified by caning spectrophotometer techniques in addition to observing the complex using high speed liquid chromatography and UV/VIS scanning spectrophotometer [146] . Cyclodextrin can be thought of as vehicles in a manner that aids bioavailability in addition to protecting curcumin from degradation without any alterations to the chemical structure of curcumin [147] . The solubility of curcumin in PBS solution is approximately 20 μg/ml while the solubility of curcumin and cyclodextrin is up to 600 μg/ml [148] . This increase in solubility is significant in absorption of curcumin in vivo.
Cyclodextrin and curcumin were shown to not only increase solubility but to also increase the inhibition of NF-κB which is associated, among other things, with inflammation [149] . Cyclodextrin and curcumin were also able to suppress cyclin D1, vascular endothelial growth factor (VEGF), and matrix metallopeptidase 9 (MMP-9). Greater activity in initiating cell death receptors and an increase in apoptosis in several cancer cell lines including leukemia in comparison to free curcumin was also observed when administered cyclodextrin and curcumin. These findings suggest that uptake of curcumin increased cellular uptake as well as anti-inflammatory and anti-proliferative effects when coupled with cyclodextrin [149] .
Discussion
It is clear that curcumin has a place in modern medicine to treat various diseases including cancer. To our knowledge there are no drugs that work as broadly, particularly for chemotherapy. It is rare to find such a compound that has the vast functionality like curcumin. Curcumin acts both upstream and downstream in the progression of cancer. The antioxidant and anti-inflammatory aspect of curcumin has the potential to reduce the likelihood of developing cancer. Inflammation itself can be caused by a myriad of chemicals and microorganisms. Such inflammation is linked to an increase likelihood of developing cancer but the exact mechanism remains unresolved. Inflammation is linked to epigenetic changes which have the potential to cause cancer. Curcumin's ability to effect the epigenetics of cancer cells in addition to mechanisms of attacking cancer stem cells is significant in early treatment of cancer with remarkably very low toxicity to the patients. Once cancer develops, curcumin can treat various forms of cancer and even work to enhance the effects of chemotherapy. Late stages of cancer that are resistant to chemotherapies may become sensitized by curcumin, offering an opportunity to treat various late stage cancers.
The use of curcumin to treat microbes has been used for centuries. The effect of curcumin on various microbes has been well documented. Although there is significant literature on curcumin and its antimicrobial activity, there is still more research that needs to be done in order to determine how many microbes could be affected by curcumin. Stubborn diseases including an infection by MRSA can be sensitized to antibiotics when administered with curcumin. This shows promise with regard to making curcumin a candidate to potentially enter the mainstream medicine. The use of curcumin as a preservative, particularly against fungi, has been used for centuries and may offer an opportunity for it to become more main stream if given proper consideration.
The solubility and low bioavailablity of curcumin is an issue that has been traditionally been resolved by offering higher insufficient doses of curcumin. There are various methods involving nanotechnology to increase the solubility and bioavailability of curcumin. Among those is the use of cyclodextrin to alleviate this issue. Cyclodextrin is safe in that it is comprised of a ring of sugar molecules that does not react with the body in any known or appreciable manner. Studies have shown that the use of cyclodextrin to shuttle curcumin does not interfere with the curcumin's ability to reach cells and in some cases actually increases the effect of curcumin.
Conclusion
Curcumin is a promising candidate to treat many ailments including cancer. This review is not all encompassing paper with regard to everything that is known about curcumin but does serve to highlight key aspects that make curcumin an attractive candidate for treatment. We believe that treatment involving curcumin and more specifically treatment involving curcumin using nanotech delivery systems should be actively considered particularly for treatment of cancer or adjunctive treatment of cancer. Methods including the use of cyclodextrin with curcumin should be investigated further as the combination appears to be very promising.
